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Abstract 
Korea is operating 20 nuclear units, producing about 700 t/yr of spent fuel.  This spent fuel should be 
managed in a safe and practicable way.  One option for this spent fuel management is treatment with 
pyrochemical process. Pyrochemical process  flow sheet in KAERI includes voloxidation, 
electroreduction, electrorefining, electrowinning, and waste salt treatment processes.  Each unit process 
has been tested in lab-scale, and these unit processes will be incorporated in PRIDE (PyRoprocess 
Inactive integrated DEmonstration) Facility in late 2011 in order to evaluate scaled-up design on the 
basis of the information of lab-scale experiments, integrity of each unit performance, and safeguards of 
integrated process, etc. 
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1. Introduction 
    Currently Korea is operating 20 nuclear units, and according to national energy commission, about 18 
units more will be constructed to satisfy energy needs by 2030.  Since Korea imports about 97% energy 
from abroad, nuclear energy is a unique practical energy resource.  However, nuclear energy inevitably 
generates spent fuel which is an issue to be resolved in near future. Table 1 shows the current nuclear 
power plants in Korea and the spent fuel produced.  With national energy commission’s plan and annual 
spent fuel production rate which is about 700 ton/yr, the accumulation of spent fuel at the end of this 
century is anticipated to be more than 100,000 t. 
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Table 1 Status of Spent Fuel Storage 
 Storage(ton) Capacity(ton) saturation 
Kori 1,790 2,254 2016 
Yonggwang 1,786 3,528 2021 
Ulchin 1,486 2,326 2018 
Wolsong 6,053 9,155 2017 
Total              11,115              17,262  

    There are two ways to manage the amount of spent fuel: direct disposal and recycling by proper 
treatment.   Direct disposal means disposal of spent fuel in deep geological media resulting in reduction 
of radiological impact from spent fuel on the environment to miminumt.  This seems an easier way to 
cope with spent fuel issues and relatively cost beneficial.  However it has taken 19yrs to secure a single 
Liquid Intermetiate Level Waste (LILW) repository in Korea, and it has causedserious social discord 
and required huge expenses.  If a repository is to be usedfor for spent fuel, then it would need more 
cost, time, and cause more social problems. 
    Treatment of spent fuel is the alternate option.  It can reduce the repository area by removing heat 
emitting elements, and increases resource utilization.  Another benefit is to reduce the radiological 
impact on the environment by transmutating TransUranium elements(TRUs).  PUREX is the likely 
process to be used for treating the spent fuel. But it is not considered the appropriate process by many 
countries ,as it is able to separate pure Pu which could be diverted to weapon production. That is a 
proliferation issue. 
    Pyroprocessing is a promising technology mitigating proliferation concern s(1,2) and providing the 
above mentioned benefits.  Korea has chalked out the R&D national plan to develop the pyroprocessing 
technology through Atomic Energy Commission(AEC) in 2008.  Fig. 1 shows the R&D plan. 
 

 
Fig. 1. R&D Plan for SFR & Pyroprocessing Technology Development 
 
2. Pyroprocessing technology 
    Pyroprocessing development in  KAERI started in 1997 with electroreduction process.  Fig. 2 shows 
the flow diagram of process.  The process includes pretreatment, electroreduction, electrorefining, 
electrowinning, and waste salt treatment. 

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Fig. 2 Pyroprocess flow diagram 
2.1 Pre-treatment 
    Pre-treatment of spent fuel comprises decladding, voloxidation and sintering.  Tests for decladding by 
slitting have been carried out. Other options such as cutting or sh earing are also considered.  
Voloxidation is needed to remove e volatile substances such as I, Kr/Xe, and Cs.  Traps or filters are 
used to collect the volatile substances.  After voloxidation, the material is sintered resulting in granular 
or pellet form for easy accommodation in the following electroreduction process. 
 
2.2 Electroreduction process 
    The inactive tests on the electroreduction process with a capacity of about 20 kg/batch have been 
carried out.  Cathode is a metal basket containing granules or pellets of oxides from pre-treatment 
process.  Anode is designed to allow high current density in the range of  100 to 500 mA/cm2 enabling 
high speed electroreduction.  Molten LiCl with 1 wt% of Li2O is used as the electrolyte (3,4).  The reactor 
is  appropriately  designed to suppress the molten salt vaporization.  The product of electrorefining 
process is a reduced metal mixture which contains molten salt after reaction. This is transferred to 
cathode processor to distill off the molten salt. Distilled salt is moved to waste salt treatment process 
where impurities such as Sr are removed. The purified salt is recycled to electroreduction process.  The 
reduced metal is conveyed to electrorefining process. 
2.3 Electrorefining process 
    In electrorefining process, the feed from electroreduction is loaded at the anode.  Then passage of 
current dissolves metal mixture in the LiCl-KCl molten salt. Uranium is recovered on the cathode, 
while the other elements such as TRUs and rare earths (RE) remain in the salt.  G,raphite is used for 
cathode material as uranium deposited on the graphite surface is spontaneously shelled off when the 
uranium dendrite grows above a certain amount.  5). This increases uranium recovery rate.  The capacity 
of electrorefining system is 20 kg/batch. 
    The recovered uranium also contains molten salt.  The cathode process is distilling  off  the molten 
salt (6).  Distilled uranium is still of  dendrite form.  This is melted in  a furnace to produce an ingot.  
The melting furnace uses induction heating system but no cooling water. 
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UCl3 preparation is needed to keep the uranium concentration to some extent in the molten salt.  Cd, U 
and Cl2 gas are used to prepare the UCl3. 
 
2.4 Electrowining process 
    TRUs remaining in the molten salt in the electrorefining process is moved to electrowinning process 
to recover TRUs and rare earth elements together with  residual uranium(7).  Liquid Cd is used as a 
cathode.  Electrochemical potentials of TRUs, RE and  uranium in liquid Cd, are very close and this 
accounts for high intrinsic proliferation resistance of pyroprocessing.  Recovered elements in liquid Cd 
are treated in the distillation system to separate Cd, then transferred to sodium colled fast reactor (SFR) 
fuel fabrication process  (8).  Since TRUs are not completely recovered from the salt in the 
electrowinning process and RE get accumulated in the salt, RAR(Residual Actinide Recovery) process 
is introduced to address these issues.  In this process all TRUs and RE are deposited in Cd completely.  
Then CdCl2 is added to liquid Cd, to dissolve back RE into the salt.  In this way the TRUs are recovered 
completely.  This process is also useful to control TRU/RE ratio for SFR fuel composition. 
 
2.5 Waste salt treatment process 
    There are two different waste salts from pyroprocessing; LiCl containing Sr from the electroreduction 
process and LiCl-KCl containing RE and FP from electrowinning process .  Two different technologies 
are applied to handle each different waste salt. Crystallization is used to recover pure LiCl salt from 
contaminated salt of electroreduction system (9).  This reduces the waste volume remarkably compared 
to the ion exchange method using zeolite.  The concentrated molten salt is solidified with SAP to obtain 
the final solid waste form.  The second waste salt of LiCl-KCl is treated by blowing oxygen, leading to 
solid precipitates (10).  After settlement for a while and cooling, this becomes a solid rod with different 
layers.  The upper layer is cut and recycled to electrorefining system.  The lower layer is distilled since 
it contains salt and distilled salt is return to electrorefining system.  The precipitates are solidified to 
yield a final waste form11). 
3. PRIDE(Pyroprocessing Inactive integrated Demonstration) facility 
    The unit processes are under development to increase their capacity, throughput, interconnectivity, 
and efficiency.  These units will be incorporated into PRIDE in late 2011which has 10t/yr capacity.  The 
facility is now under construction.  PRIDE will use uranium based surrogate material.  Since uranium 
constitutes over 93% in spent fuel, PRIDE is expected to show general behavior of materials in each 
pyroprocessing units.  However TRU related material’s impacts on the system is also investigated to 
check the chemical equilibrium, reaction, and degree of impurity in the product, and related safe  
guradability. 
 
4. Summary 
    KAERI has studied pyroprocessing to resolve the issue of spent fuel accumulation.  The unit 
processes are under development in order to increase throughput, capacity, and efficiency.   
Mesh typed cathode is  used to accommodate the granules or pellets from pre-treatment process in 
electroreduction system. Anode suitable for high current density is also developed.  Graphite cathode 
shows high throughput in electrorefining process.  Special emphasis is paid to the throughput in the 
electroreduction and electrorefining processes as they handle massive amounts of feed. Residual 
Actinide Recovery has been investigated to recover TRUs completely and control TRU/RE ratio which 
is crucial for SFR fuel composition.  Two different waste salt treatment processes are applied to recover 
the salts and reduce the waste volume. 
    PRIDE facility is now under cons truction to incorporate the pyroprocessing units, and will be 
completed in late 2011.  This facility will generate a lot of information related to integral 
pyroprocessing design and operation.  This information will be useful to understand not only the 
performance of process units but also integral process performance.  Important information on the 
safeguards will be also available through PRIDE operation.  PRIDE is open to international 
collaboration in order to share the knowledge with international community and to improve the concept 
and technologies. 
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